Data are provided in an supplementary excel spreadsheet and a pdf file.

Introduction {#sec001}
============

In 2012, the President of the United States made science, technology, engineering and mathematics (STEM) education a national priority by announcing an ambitious goal to increase the number of individuals who receive degrees in STEM by one million over the next decade. The President's announcement was based on an influential report prepared by the President's Council of Advisors on Science and Technology \[[@pone.0119548.ref001]\]. To achieve an increase of one million STEM graduates, institutions will need to increase the number of degrees awarded in STEM by more than 30% over current rates by 2020. Additional high profile reports from the Committee on STEM Education of the National Science and Technology Council and the National Academies of Science underscore the essential role of science and technology in the future of the United States \[[@pone.0119548.ref002],[@pone.0119548.ref003]\].

Encouraging underrepresented minorities (URM) to enter STEM fields could close the STEM gap significantly as the proportion of URM students who received 4-year college degrees in STEM disciplines in 2011 (18%) is far below the proportion of minorities in the US college age population (36%) \[[@pone.0119548.ref004],[@pone.0119548.ref005]\], and only 20% of URM who intend to earn a STEM undergraduate degree have done so \[[@pone.0119548.ref006], [@pone.0119548.ref007]\]. In the biological sciences, URM currently earn a combined 16% of bachelor\'s degrees, and this gap between the population demographics and the demographics within STEM fields is widening \[[@pone.0119548.ref004]\].

Although the need for degrees and diversity within STEM is widely heralded \[[@pone.0119548.ref008],[@pone.0119548.ref009],[@pone.0119548.ref010]\], the way forward to achieve these increases is not clear. In order to harness the potential of all available talent, non-traditional students should not be overlooked. Recommendations encourage 2-year and 4-year institutions to work together and form better connections among themselves to provide more entry points and pathways to STEM degrees that capture rather than exclude students \[[@pone.0119548.ref001],[@pone.0119548.ref011],[@pone.0119548.ref012]\]. Community colleges play a largely unsung, yet critical role, in the nation's higher education system. Almost one-half of all Americans who receive a bachelor's degree have attended a community college, and 40% of STEM graduates have attended a community college at some point in their educational career \[[@pone.0119548.ref013]\]. Community colleges serve the most diverse student populations in the country with a higher proportion of women, older students, first generation students, veterans, working parents, low-income students, and URM than 4-year institutions \[[@pone.0119548.ref012],[@pone.0119548.ref013]\]. Many community college students have a desire to pursue a 4-year degree, but, due to a myriad of factors, these students do not complete the 2+2 pipeline, and this transfer gap is wider for URM students. For example, while nearly half of Latino community college students express an interest in transferring and earning a 4-yr degree, only 6% had earned a B.S. degree within six years \[[@pone.0119548.ref014],[@pone.0119548.ref015]\]. The barriers to transfer include financial, social, and familial responsibilities \[[@pone.0119548.ref016]\], which prevent relocation to their state's land-grant research university.

With the explosion of communication technologies, distance education (also called online education) continues to be a growing trend in higher education. The proportion of students who are currently taking at least one online course is 33.5% \[[@pone.0119548.ref017]\]. Although massive open online courses (MOOCs) have attracted great attention in recent years \[[@pone.0119548.ref018],[@pone.0119548.ref019]\], students have been regularly taking online courses for over a decade and are well versed in the online learning environment. Numerous studies on the outcomes and quality of learning have shown that distance education can be as or more successful than the comparable classroom experience \[[@pone.0119548.ref020]--[@pone.0119548.ref023]\]. Based on an analysis of 232 studies testing the effect of distance education on learning, Bernard et al. found that asynchronous distance education significantly increases achievement and attitude but decreases retention compared to traditional classroom instruction \[[@pone.0119548.ref024]\]. Although statistically significant, the differences between the two methods of teaching were small leading the authors to conclude that asynchronous distance learning is equivalent in quality to face-to-face classroom learning. A second meta-analysis of 51 studies found that learning improved slightly with online instruction compared to face-to-face instruction \[[@pone.0119548.ref025]\]. A recent survey showed that 74% of academic leaders queried rate the learning outcomes in online education as the same or superior to those in face-to-face instruction \[[@pone.0119548.ref017]\].

Studies have also demonstrated success in online education in life sciences education. In one study conducted over a period of six to nine semesters, online students scored 10% higher on exams than did traditional students in an introductory microbiology course \[[@pone.0119548.ref026]\]. Another study showed that there was no difference in performance between students taking an introductory microbiology course in a traditional manner versus online delivery \[[@pone.0119548.ref027]\].

Although some studies demonstrated higher attrition rates in distance education courses compared to face-to-face courses \[[@pone.0119548.ref028]\], recent research shows that the gap in attrition rates between distance education and face-to-face delivery has decreased, and in fact, many asynchronously delivered courses have very high retention rates, higher than comparable face-to-face courses \[[@pone.0119548.ref029],[@pone.0119548.ref030]\]. A study of the role of distance education for financially independent students (as opposed to financially dependent students) found that enrollment in distance education classes significantly decreased the likelihood of an enrollment gap among independent students \[[@pone.0119548.ref028]\]. Thus, online education can increase degree progress and completion rates for non-traditional undergraduates.

Responding to the need for more STEM majors required innovative approaches because, while increasing participation in STEM is essential, many institutions are at maximum physical capacity for on-campus students. The Microbiology and Cell Science Department in the College of Agricultural and Life Sciences at the University of Florida began to expand its reach through distance technology in 2011 through the establishment of a new Distance Education in Microbiology and Cell Science Bachelor of Science program (DE MCS). This program is the first distance education program for transfers from community colleges to a research university in a STEM field, and as such, this program serves as a model for other universities seeking to expand the reach of their STEM programs. To test the hypothesis that a distance education approach can successfully contribute to the STEM degree pipeline, the outcomes of the distance education program were assessed and compared to on-campus programs after three full academic years.

Material and Methods {#sec002}
====================

Ethics statement {#sec003}
----------------

Most of the data used in this study are archival, aggregate data where the students have been de-identified. As a result, the work described here was viewed exempt as human subjects research by the University of Florida\'s Institutional Review Board. However, this analysis is a component of a larger study that was reviewed and approved by the University of Florida\'s Institutional Review Board (2012-U-0518). The data was provided by the University of Florida\'s Office of Institutional Planning and Research.

Design of the Distance Education Program {#sec004}
----------------------------------------

The design of the DE MCS program was based on a framework of seven factors in developing online education programs described by Rovai and Downey \[[@pone.0119548.ref031]\]. These factors are planning, marketing and recruitment, financial management, quality assurance, student retention, faculty development, and course design and pedagogy.

Program Planning {#sec005}
----------------

Successful online programs engage in strategic planning, which includes forming alliances with key partners that have important roles in the overall program vision \[[@pone.0119548.ref031]\]. Three years prior to officially launching the program, the Microbiology and Cell Science department (MCS) laid the foundation of a strong partnership with an important two-year partner in the same state, Miami Dade College (MDC). As the largest institution of higher education in Florida as well as in the United States, MDC represented a critical population of students predominantly from underrepresented backgrounds interested in earning their 4-year degree from the state's premier research university. This collaboration led to a signed articulation agreement in 2010 between the University of Florida and Miami Dade College that allowed for a seamless transfer of MDC students interested in the distance education 2 + 2 program. Since then, similar agreements were signed with Palm Beach State College and St. Petersburg College.

Marketing and Recruitment {#sec006}
-------------------------

Marketing and recruiting a pool of qualified students is critical for the success of a distance program \[[@pone.0119548.ref031]\]. In early 2011, students were recruited on an individual basis through the help of academic advisors located at the University of Florida Institute of Food and Agricultural Sciences (IFAS) Research and Education Centers. These IFAS centers are located throughout the state. In addition, early marketing efforts including advertisements in the community college newspapers and hiring enrolled students to help with peer recruiting. After the first semester, it was clear that the recruiting and marketing efforts were not sufficient to generate the numbers of applicants needed for a sustainable program. The services of a marketing firm that specializes in higher education distance program, Apollidon Learning, were retained. As recommended as a key factor of a successful distance program, the marketing team developed a program brand. The brand, logo and color scheme were consistently used in paper marketing materials and the program's website ([http://microbiology.ifas.ufl.edu](http://microbiology.ifas.ufl.edu/)).

Financial Management {#sec007}
--------------------

Understanding the costs associated with entering a distance education market is very important. One of the first financial decisions to be made is whether the online program will be organized as a separate division or integrated within the existing structure of the institution \[[@pone.0119548.ref031]\]. The DE MCS program uses a hybrid of these two approaches. Distance education programs at the University of Florida are structured so that the revenue generated from tuition and fees allows the program to be entirely self-sufficient. Although the DE MCS program has its own financial structure, it is fully integrated within the university in that the distance education (DE) students are considered full-time university students and have access to the same university resources including the library, disability resource center, counseling, etc. Some DE programs increase revenue streams by using a large pool of adjunct instructors instead of full-time faculty to teach distance students. From the start, the DE MCS program elected to use the same instructors for the DE MCS students as the on-campus students. The DE MCS students take the same departmental courses as the on-campus students. The only difference is that the DE students register through a specific section of the course for the purpose of tracking enrollment, tuition, and revenue. As it may take years before DE programs yield positive net revenues, the university provided an investment of \$50,000 at the launch of the program for initial expenses.

Originally, the DE MCS program did not include a sizeable budget for marketing and recruitment, but quickly, the value of solid marketing and recruitment efforts became clear. In return for marketing and recruitment services, Apollidon Learning receives a portion of the income.

The tuition charged to the students of the DE MCS program is precisely the same level as charged to on-campus in-state students. The semester fees are also identical with the exception of small fees that only apply to on-campus students such as city/campus bus transportation fee (DE students pay about \$42 less per year in fees in 2014).

Quality Assurance {#sec008}
-----------------

Because the DE MCS program and the traditional MCS program have the same curriculum, courses, instructors, exams, expectations, grading scales, and in many cases, the same mode of delivery, the quality of the DE MCS program should be very similar to the quality of the on-campus program (see [Results](#sec013){ref-type="sec"}). The university has a solid national reputation as a Research 1 university, but is also the flagship university in Florida, and its programs are accredited. To keep the quality as high and as consistent as possible between the DE MCS program and the on-campus program, instructors in the department have been encouraged to teach lecture courses exclusively through online delivery modes so that all students receive the same course experience. This approach also encourages the instructors to invest their time in improving the course itself rather than delivering material in multiple ways. Because the DE MCS program requires that: 1) all laboratory courses are taken in the classroom, 2) all exams are proctored, and 3) all instructors are readily available to DE students through discussion sessions or other formats, the DE MCS courses and degree are accepted by professional schools including medical and dental schools.

As a life sciences program, several laboratory courses are required for the B.S. in MCS degree including introductory biology, introductory chemistry, organic chemistry, and introductory physics with their corresponding laboratories. All of these lab courses are taken during the first two years as a community college student or at a local college with the credits accepted by the University of Florida. The MCS major has two required laboratory courses, which students take in a face-to-face format. These lab courses include an introductory microbiology lab course and an advanced lab course that gives students a more enriched lab experience. The DE MCS program has established three ways in which students can fulfill these two departmental laboratory requirements. First, if ten or more DE MCS students are located in the same region, for example near the Indian River Research and Education Center in Ft. Pierce, the department can rent teaching laboratory space to teach the laboratory courses locally. Second, students may take equivalent laboratory courses at their local institutions that will be accepted for credit by the University of Florida. Third, if the first two options are not feasible for the student, the DE MCS program has developed a creative approach to providing laboratory courses for DE students: an immersion laboratory course. Students come to the main campus for eleven days during the summer term and take the same laboratory courses as the on-campus students, but in an immersion format of several 8--10 hour days in a row. The immersion lab courses use the same curriculum and instructors as the semester-long versions of the laboratory courses. These three options provide students with ways to meet the laboratory requirements of the degree that work with their professional and personal schedules.

One recurring question from potential students, professional schools, and other interested parties is that of exam proctoring. All exams are proctored to the same extent as students who take exams in person. Depending on the course, instructor, and exam type, DE MCS students have taken exams at a regional location monitored by a paid proctor or have taken exams using commercial online proctoring services such as Remote Proctor Now from Software Secure ([http://softwaresecure.com](http://softwaresecure.com/)) or ProctorU ([http://proctoru.com](http://proctoru.com/)).

Retention {#sec009}
---------

Data indicates that retention rates in online programs may be lower than student retention in traditional courses \[[@pone.0119548.ref031]\]. Factors that may affect retention of distance students are that DE students are more likely to be nontraditional and therefore more likely to have work, family, and financial obligations than on-campus students. Additionally, DE students may experience a lack of personal connection with other students and faculty. To address retention, MCS faculty are available to online students via discussion groups, email, and social media sites like Facebook and Twitter. Students can connect with each other through course discussion pages, chats, emails, and Facebook pages. The department chair meets with DE MCS students personally or by videoconference at regional locations once each year to address any issues. Recently, the department was awarded a National Science Foundation grant from the STEM Talent Expansion Program (STEP) with our partners at MDC. This project focuses on using best practices in increasing STEM retention such as scholarships, peer tutoring, research experiences, and career mentoring to increase enrollment, retention and graduation of students from the South Florida region in the DE MCS program.

Faculty Development {#sec010}
-------------------

Faculty development in online teaching has been in progress since before the launch of the program. Many of the faculty development activities stemmed from faculty interested in learning best practices in online teaching from their own peers. An annual teaching symposium hosted by the College of Agricultural and Life Sciences, the teaching arm of IFAS, has sessions devoted to online teaching. The College and MCS have invested in new distance education tools, resources, and the technical support staff to ensure proper delivery of the courses and assessments. One important factor in the launch and success of this program was to have strong faculty support and interest. As all departmental courses for DE MCS students are the same as the face-to-face on-campus courses and taught by the same faculty, it was important for faculty to modify their delivery to accommodate the DE students. Faculty responded to this request with varying degrees of enthusiasm. However, faculty are encouraged to teach by distance in whichever format suits their style the best. For example, some faculty use in-class recording to record their lectures in the classroom while others use screen capture software and video podcasting for asynchronous delivery for students. Allowing faculty to choose their method for course delivery reduced the barrier of entry into the program. All faculty use the online learning management system supported through the university to host their online class. Recorded lectures are made available to on-campus as well as DE MCS students.

Online Course Design and Pedagogy {#sec011}
---------------------------------

The workshops and symposiums described above also cover online course design. One strength of the DE MCS program is that faculty are encouraged to use an online pedagogical approach that suits their needs, preferences, and design. Because instructors can utilize tools of their choice, they have more ownership and investment in the course. One unique feature of the MCS curriculum is that it integrates genomics and bioinformatics at different levels and in multiple courses. Genomics and bioinformatics are fields that integrate biology with computer science, which makes these topics a natural fit for online learning.

Assessment of Outcomes {#sec012}
----------------------

Student enrollment and demographic data was obtained by request from the Office of Institutional Planning and Research at the University of Florida. The enrollment data was reported as student headcounts for Microbiology and Cell Science (MCS) majors in the Fall semester from years 2009--2014 for three categories: on-campus, on-campus transfer, and distance education transfer. On-campus students are individuals who entered the institution as degree-seeking students and did not transfer from another institution or attend another higher education institution previously. On-campus transfer students began their undergraduate degree at a different institution and then transferred into the University of Florida as an MCS major. Typically, these students transfer from a 2-yr institution in the state to complete their 4-yr degree. Distance education transfers (DE MCS students) are students who transferred to the university as MCS majors, typically from a 2-yr institution, but are not physically on campus as they complete their degree in the DE MCS program.

In addition to total headcounts, the Office of Institutional Planning and Research provided the headcounts of Microbiology and Cell Science majors by self-reported Race/Ethnicity. The DE MCS program is in the College of Agricultural and Life Sciences, but students in the College of Liberal Arts and Sciences at the University of Florida also have the option to major in MCS. Although degree requirements for a B.S. in MCS are the same for all MCS majors, there are differences in requirements and expectations for students in the two colleges at the admissions level. Since the DE MCS program is only available through the College of Agricultural and Life Sciences and since the College of Liberal Arts and Sciences does not have a comparable distance education-based program, the demographics, retention, and quality of the DE MCS program is assessed by comparisons with the two most closely related cohorts: MCS on-campus (admitted as first time in college) and MCS on-campus transfers (admitted after attending another institution) from the College of Agricultural and Life Sciences.

Retention data was obtained from the Office of Institutional Planning and Research and the Office of the University Registrar. Retention was assessed in two specific transfer cohorts of Microbiology and Cell Science majors who transferred into the university as juniors in the Fall of 2011 and 2012: on-campus transfers and distance education transfers. The proportion of students from those cohorts who had graduated or were still persisting towards their B.S. degree at the two year time point (equivalent to a 4 year graduate rate) were compared.

To measure academic performance, grade point averages (GPAs) were obtained from the Office of the University Registrar and the Office of Institutional Planning and Research. Two types of GPAs were assessed for the on-campus, on-campus transfers, and DE transfers: current GPAs (as of October 2013) for all students in their junior year or above who were enrolled as MCS majors in the Fall 2013 semester and final GPAs at time of graduation for students who had graduated with a degree in MCS from Fall 2011---Spring 2014. All figures were generated with the R package, ggplot2 \[[@pone.0119548.ref032]\]. Qualtrics was used to develop and disseminate an anonymous and optional survey to the DE MCS students enrolled in the Fall 2014 semester.

Results {#sec013}
=======

Enrollment {#sec014}
----------

The Distance Education in Microbiology and Cell Science (DE MCS) B.S. degree program is in the spring semester of its fourth year and has therefore completed three full academic years. Students are admitted and can matriculate into the program during the Fall, Spring, or Summer semesters each year. The program officially launched in Fall 2011 with 11 enrolled students and has steadily increased each year up to an enrollment of 63 students in Fall 2014 ([Fig 1](#pone.0119548.g001){ref-type="fig"}).

![Enrollment by students into the Microbiology and Cell Science major across time.\
a) transfer student enrollments in the on-campus (blue) and distance education (red) and b) first time in college (FTIC) students enrolled in the College of Agricultural and Life Science (blue) or College of Liberal Arts and Sciences (red) Microbiology and Cell Science major.](pone.0119548.g001){#pone.0119548.g001}

At the University of Florida (UF), students in either the College of Agricultural and Life Sciences (CALS) or the College of Liberal Arts and Sciences (CLAS) can be a Microbiology and Cell Science major. The on-campus enrollment in this major in both colleges has declined by 10% from 2009--2013 ([Fig 1B](#pone.0119548.g001){ref-type="fig"}). However, the total number of transfer students (both on- and off-campus) has more than doubled during that same time frame ([Fig 1A](#pone.0119548.g001){ref-type="fig"}), which provides a net increase in total enrollment of 5.7%.

Eighty percent of the increase in transfer students is derived from the MCS DE program. The remaining increase is from on-campus transfer students. Admission records indicate that none of the DE MCS transfer students transferred from any on-campus UF program to the DE MCS program. Hence, the DE MCS program did not take students away from any existing on-campus program. Additionally, availability of the DE MCS program caused an increase in the overall MCS enrollment since a survey of DE MCS students revealed that only 21% of current DE MCS students would have applied to an on-campus UF program if the DE MCS program were not available (see [S1 Survey](#pone.0119548.s002){ref-type="supplementary-material"}).

All of the above evidence supports the hypothesis that the DE MCS program increased overall enrollment in the major while having little effect on the existing on-campus programs. The surprising result is that the on-campus transfer enrollment increased along with the increase in the MCS DE program. The marketing of the DE MCS major by Apollidon may have increased the overall awareness of this MCS major statewide among community college students thereby increasing interest and eventual enrollment both off- and on-campus.

Demographics {#sec015}
------------

The 2014 enrollment data indicate that the DE MSC cohort is more diverse than either the on-campus transfer students or the on-campus cohort (students admitted as first time in college) ([Fig 2](#pone.0119548.g002){ref-type="fig"}). These data, along with those in [Fig 1](#pone.0119548.g001){ref-type="fig"}, show that the DE MCS program increased overall enrollment and had the added benefit of increasing the participation of URM. According to the National Science Foundation, American Indian, Alaska Native, Black, or Hispanic ethnicities and races are traditionally underrepresented in the STEM fields \[[@pone.0119548.ref004]\]. The URM enrollment in the DE MCS program is 51%, which significantly exceeds the URM participation for on-campus first time in college student cohort (21%; p = 0.0001 by Fisher's Exact Test) and on-campus transfer cohort (33%; p = 0.02 by Fisher's Exact Test).

![Distribution of races and ethnicities for the Fall 2014 enrollment in the Microbiology and Cell Science major within the College of Agricultural and Life Sciences.\
Racial/ethnic groups who are traditionally underrepresented in STEM fields are in blue while those groups who are not underrepresented in STEM are in green. The proportions of individuals with two or more races, nonresident aliens, or race unknown are represented in shades of gray.](pone.0119548.g002){#pone.0119548.g002}

Retention {#sec016}
---------

As a 2+2 program, the earliest time point at which most students are in a position to graduate with their B.S. degree is two years after they transfer to the 4-year institution. Since the DE MCS program is relatively new, there are only 24 students who have been in the program long enough to reach the two-year graduation time point. To assess how the DE MCS program compares to the traditional on-campus transfer program, the graduation and persistence data from the DE-MCS students who began in the program in the Fall 2011 and Fall 2012 was compared to the corresponding on-campus transfer students who also enrolled during the same time period as MCS majors in CALS. The two cohorts of transfer students take the same MCS courses taught by the same faculty, take the same exams, and have the same requirements for graduation.

Of the 70 on-campus transfer students from this time period, 23 have graduated with their B.S. degree, which is a graduation rate of 33% ([Fig 3](#pone.0119548.g003){ref-type="fig"}). Of the 24 DE MCS transfer students, 5 have graduated with their B.S. degree, which is a graduation rate of 21%. Of the remaining transfer students who have not yet graduated, 13% persist in the on-campus transfer program while 46% of DE MCS students persist in the degree program. To date, the DE MCS program has a retention rate of 67%, which refers to the percent of students who have either graduated or continue to persist toward their B.S. degree. This retention rate is higher than the retention of the corresponding on-campus transfer cohort, which is 46%. As determined by Fisher\'s Exact Test, there is no statistical difference between the retention levels of the on-campus and distance education transfer cohorts (p = 0.10). Historically, the 4-year and 6-year graduation rates of transfer students in the on-campus Microbiology and Cell Science major are 33% and 69% respectively. Collectively, these data provide preliminary evidence that the DE MCS program is comparable to historical on-campus outcomes for transfer students, but more years of data are required for firmer conclusions.

![Retention of transfer students who enrolled in the Microbiology and Cell Science major within the College of Agricultural and Life Sciences in Fall 2011 and Fall 2012.\
Retention equals the proportion of students who have graduated and persist in the program. Retention levels between the two cohorts are not statistically different (p = 0.10, two tailed Fisher\'s Exact Test).](pone.0119548.g003){#pone.0119548.g003}

Academic Performance {#sec017}
--------------------

As a measure of academic performance, the grade point averages (GPAs) of all CALS MCS majors in their junior year or above enrolled in Fall 2013 were collected and compared by admission type ([Fig 4](#pone.0119548.g004){ref-type="fig"}). Because all students enrolled in the DE MCS transfer program are in their junior or senior years, only GPAs from juniors and seniors from the on-campus and on-campus transfer cohorts were analyzed. The three cohorts take MCS courses from the same instructors and take the same exams. The two on-campus cohorts have the option to attend MCS courses in a face-to-face format, but it is not always required; however, the DE MCS cohort takes all their courses via asynchronous online learning. Beyond the courses required for the degree, students choose their own electives. The mean GPA of the Fall 2013 DE MCS students was 3.34, which was slightly higher than the mean GPA of the on-campus transfer students (Mean = 3.31), and the mean GPA of the on-campus cohort (admitted as first time in college) was 3.55. Due to the GPA scale (upper limit can not exceed 4), the GPA data was skewed and not normally distributed (Shapiro-Wilks test, p\<0.05). Therefore, Kruskal-Wallis analysis with the Tukey and Kramer (Nemenyi) test (for pairwise comparisons) were applied. Using these methods, the GPA datasets demonstrated that the on-campus cohort had a statistically higher GPA than the on-campus transfers (p = 0.031) and approaching, but not significantly higher than DE MCS transfers (p = 0.118). The GPAs of the two types of transfer students were not statistically different (p = 0.956).

![Box plots representing the average grade point average (GPA) of MCS majors within CALS.\
The horizontal lines represent the median GPA of students in the Fall 2013 semester (left box plot) and at the time of graduation (right box plot). The boxes represent the interquartile range (IQR). The IQR includes the 50% of samples closest to the median. The lines above and below the IQR, represent either 1.5 times the IQR or the maximum range of the samples if that range is below 1.5 times the IQR. The dots above or below these lines represent outliers that are above or below 1.5 times the IQRs. As determined by Kruskal-Wallis, the on-campus cohort had a statistically higher mean GPA than the on-campus transfer cohort (p = 0.031) but not the DE MCS cohort (p = 0.118) in the Fall 2013 semester (H = 8.5, df = 2). The mean GPAs of the two transfer cohorts were not statistically different (p = 0.956). At the time of graduation, as depicted in the right box plot, the on-campus transfer cohort had a statistically lower mean GPA than the on-campus cohort (p = 0.00016), but there was no statistical difference between the mean graduating GPAs of the on-campus and DE MCS students (p = 0.995) nor the on-campus transfer and DE MCS cohort (p = 0.269) (H = 16.5, df = 2).](pone.0119548.g004){#pone.0119548.g004}

The final GPAs at the time of graduation were also analyzed for all CALS MCS majors who graduated between Fall 2011---Spring 2014. The three cohorts have the same requirements for graduation. The mean graduating GPAs for the on-campus cohort (admitted as first time in college) majors, on-campus transfer cohort, and DE MCS cohort were 3.45, 3.18, and 3.50, respectively ([Fig 4](#pone.0119548.g004){ref-type="fig"}). The mean GPA of the DE MCS graduates was comparable to both the mean GPA of the on-campus graduates and the mean GPA of the on-campus transfer graduates (p = 0.99 and p = 0.27 respectively; Kruskal-Wallis Test, H = 8.5, df = 2). The mean graduation GPA of the on-campus major is statistically higher than the mean graduation GPA of the on-campus transfers (p \< 0.01; Kruskal-Wallis Test, H = 16.5, df = 2).

Student choices and preferences {#sec018}
-------------------------------

Institutional data shows that none of the currently enrolled DE MCS students transferred from any on-campus degree program or any other off-campus degree program to the DE MCS program. Thus, the DE MCS enrollment is not taking students away from any other university enrollment. In addition, a recent survey reveals that 31% of the currently enrolled DE MCS students had no other option for college. Of the 69% of DE MCS students who did have other options for college, only 30% would have transferred to an on-campus University of Florida program. These results suggest that this program is increasing STEM enrollment overall and is also increasing enrollment in STEM at the University of Florida. Survey results are provided as [S1 Survey](#pone.0119548.s002){ref-type="supplementary-material"}.

Valuable lessons have been learned regarding those features of the program that are appreciated by students and faculty. For example, nearly all of our students surveyed appreciated the flexibility provided by online, asynchronous lectures. Flexibility allows them to obtain a STEM education while keeping any current job schedule and maintaining family responsibilities. In addition, DE MCS students take advantage of the three methods that face-to-face lab courses are delivered as described in the Material and Methods section. The DE MCS students were nearly evenly divided in their appreciation of each approach, which indicates that each approach may have influenced enrollment. Finally, over the years, various proctoring methods have been used. The most effective and efficient way to deliver exams to the DE MCS students was to embed exams in the learning management system with ProctorU observing the student and their work on the screen. ProctorU then informs the instructor of any behavior by the students that might be construed as cheating. These issues are then investigated at the discretion of the instructor.

Discussion {#sec019}
==========

To answer the national call for more individuals with STEM degrees while increasing diversity in the STEM fields, the Microbiology and Cell Science Department in the College of Agricultural and Life Sciences at the University of Florida developed a new type of a 2+2 distance education program. This program is the first of its kind: a distance education-based transfer program in a life science offered by a research-intensive university. Data and a student survey from the initial years of this program suggest that this program increases enrollment in Microbiology and Cell Science without drawing from existing on-campus programs and that distance education students were more diverse, had a similar retention level, and comparable GPAs than on-campus transfer students. Larger sample sizes and more years of student participation in the program will provide a deeper analysis as the program progresses.

A recent report emphasizes the importance of increasing the participation of underrepresented minorities (URM) in the STEM education pipeline, and one recommendation to accomplish this is to establish strategic and strong partnerships \[[@pone.0119548.ref001]\]. As community colleges are lower in cost and geographically accessible, underrepresented minorities attend these institutions at higher rates than 4-yr institutions \[[@pone.0119548.ref013]\]. These two factors, lower cost and geographic accessibility are critical in increasing the STEM degree attainment of less economically advantaged Hispanic students \[[@pone.0119548.ref033]\]. Community colleges play a very important role in undergraduate biology education and cooperation between 2-yr colleges and universities is essential in developing opportunities for undergraduates \[[@pone.0119548.ref034]\].

Half of the currently enrolled DE MCS students are individuals from race/ethnic backgrounds underrepresented in STEM. From this aspect, the DE MCS program is a notable success in increasing URM participation in STEM. The URM proportion is significantly higher in the DE MCS program than in the comparable on-campus program.

Retention and academic performance were measured to assess the quality of the DE MCS program. Although the numbers are small, the outcomes are promising. The retention for the DE MCS program was 67% and not statistically different from the on-campus cohort. A recent report from the National Student Clearinghouse cites that four years after transferring to a 4-year institution, 72% of transfer students (originating at a 2-yr institution) have either graduated or are persisting in degree attainment \[[@pone.0119548.ref035]\]. This statistic is for all degrees, not just for STEM, but indicates that DE MCS program is on par with published retention rates for transfer students. Retention in STEM is a significant concern as fewer than 40% of students who enter college intending to major in STEM finish with a 4-year STEM degree \[[@pone.0119548.ref001]\]. Although this program targets students who have already completed the first two years of their degree, lessons learned from this model can influence STEM retention.

The data presented here indicates that the DE MCS at the University of Florida is succeeding as a viable approach to increasing STEM participation and diversity without pulling students away from existing on- or off-campus programs. The hybrid, asynchronous format allows students the opportunity to achieve their STEM degree while, in many cases, working full-time and raising children. The data indicates that students in the DE MCS program are receiving an education that is as good as its on-campus counterpart with similar retention levels and similar grade point averages. Because it was structured to be as similar to the on-campus programs as possible, students receive essentially the same education and have the same post-baccalaureate opportunities including acceptance into graduate and health professional schools. As the DE MCS program continues to grow, future studies will capture additional data including student perceptions, long-term outcomes, the role of scholarships, research experiences, and tutoring on student performance, and predictors of success. Just as innovation and creativity are vital to maintain the nation's STEM preeminence, which is essential to the economy, healthcare, environment, and security of all citizens, innovation and creativity are also needed to address the gap in STEM education.

With its unique hybrid online approach, the Distance Education in Microbiology and Cell Science Bachelor of Science program represents a new type of transfer pipeline that leverages the curriculum of a land-grant university and online learning technologies to overcome geographical and financial barriers that may prevent underrepresented minorities from achieving their B.S. degree in a STEM field. In an era of ever-increasing costs, this program demonstrates another route by which land-grant universities can fulfill their mission to provide access to affordable public higher education.
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(PDF)

###### 

Click here for additional data file.
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